Abstract. Building Information Modeling (BIM) is a process by which a digital representation of the physical and functional characteristics of a facility are built, analyzed, documented and assessed virtually, then revised iteratively until the optimal model is documented. The virtual BIM model is not only graphical design but also a virtual database which includes the management data. So the construction manager (CM) can use BIM as a real simulation of the actual project. However, there is ambiguity about the compatibility of the traditional CM duties and responsibilities and BIM.
Introduction
Construction management involves the optimum use of available funds, the control of the scope of the work, effective project scheduling, the avoidance of delays, changes and disputes, enhancing project design and construction quality and optimum flexibility in contracting and procurement [1] . Information is of great value for the construction manager (CM). Traditionally, CMs access the necessary information via periodic meetings, blueprints, reports, and work schedules; they coordinate the construction processes with this information. However, preparing and presenting the information is time consuming and includes human factors. It can be stated that traditional methods fall short in monitoring complex construction projects. On the other hand, developments in IT allow the CM to access more accurate and current as well as visual information, which in turn allows the CM to monitor construction all budgeted costs from the first estimate to the final accounting. The conceptual budget for the project, prepared by the CM before design begins, becomes the team's line-item financial guide as the design process moves toward the bidding phase. After bids are received, the amounts of accepted contractor proposals replace estimated line-item amounts and become the construction phase budget. As construction proceeds, payments to contractors, contract changes, and budgeted expenses are accounted for in detail. Every aspect of project cost is estimated as early as possible and substantiated as it occurs.
One of the important parts of budget management is cost estimating which includes the development of an estimate of the materials and other resources needed to complete the project activities. BIM models can be used for cost estimating to generate a bill of quantities. It is also possible to establish a direct link between the BIM model and the estimating software. Once a cost estimator establishes this link, changes in the BIM model are automatically propagated through the whole estimating cycle [5] . Since there are links between the BIM model and the cost estimate, the CM can get cost-related or expenditure-related evaluation for any activity. Cost budgeting includes allocating the overall cost estimate to individual work activities and controlling the cost of the changes to the project budget. BIM interconnects structural design, time, and cost effectively [6] . Alternative computer-aided methods have been developed for effective budget management. For example, Zhang et al. [7] developed a building information system that includes among other things a budget information and monitoring dimension. Hardin [8] described the use of BIM for effective budget management. Popov et al. [9] stated that cash flow can be predicted in 5D models, where the 5 th dimension represents cost-related data.
Contract Management
According to Haltenhoff [4] , contract management encompasses the involvement of the CM in the operational and administrative provisions of the contracts used in the project. Construction management expertise includes the recommendation of standard contract forms and the performance responsibilities to be included in contracts, but does not extend to the writing of contracts or in any way infringe upon the legal profession. This area is important because the construction management system is a unique contracting system, the success of which depends on a workable alignment of traditional contracting roles and participant responsibilities. It is the CM's responsibility to establish a contracting format for the project and see that each contractor's operational and administrative requirements are included. AGC is the first organization that marketed contract documentation focusing on the use of BIM in a project in September 2007. The "Building Information Modeling (BIM) Addendum" of Consensus DOCS 300 "Tri-Party Collaborative Agreement" promotes an integrated process and focuses on BIM as a tool that can enable the project team. These contracts aim focus on responsible data sharing through BIM technology. AIA has also released contract language that addresses the use of BIM. AIA documents A295-2008, B195-2008 and A195-2008 require protocols for sharing, owning, and transferring data throughout a project [10] . Since BIM brings a new dimension to project delivery methods, the CM should be familiar with these new types of contract.
Decision Management
Decision management encompasses the development and handling of the interrelationships between the project and the construction team, and the relationship between the members of the construction team. It is the CM's responsibility to consistently extract decisions from the team without alienating any team members in the process. Team members must make decisions cooperatively, respecting each other's project function, expertise, and operational capacities. Decisions that become contentious must have a prescribed path for resolution.
Since BIM includes all of the design and management source data of the building, the CM can support the construction team by using BIM applications in the decision making process. Each phase of a project requires a unique decision-making process. The CM can use BIM to generate drawings, reports, design analysis, cost estimates, schedule simulation, facilities management, and ultimately enabling the building team to make informed decisions.
Information Management
Information management encompasses the collection, documentation, dissemination, safe keeping, and disposal of verbal and graphic project-related information. The team structure and the use of multiple contracts significantly increase the information available to the owner. The volume of information generated for project accountability purposes requires a multilevel, need-to-know reporting structure and an efficient information storage and retrieval system [4] . Information management can be established by setting up a communication platform such as BIM. Since BIM is a database of information, the CM can reach the digitized documents whenever needed and set up a computer-based communication system. Underwood and Isikdag [11] state that BIM acts like a shared information backbone through the lifecycle of the project. The BIM approach is essentially a conceptual way of managing project information even though the majority of construction business processes are heavily based upon traditional means of communication such as face-to-face meetings and the exchange of paper documents in the form of technical drawings, specifications and site instructions. It should be noted that the historical, industrial and market forces that perpetuate the industry's culture affect negatively the extent of adoption of IT tools like BIM [12] . Nevertheless, BIM can be used to communicate with project team members.
Material and Equipment Management
Material/equipment management encompasses all activities relating to the acquisition of materials and equipment from specification to installation and warranty. Material handling includes procurement, inventory, shop fabrication, and field servicing. The construction management delivery system facilitates direct owner purchase of materials for the project. The planning, specifying, bidding, acquisition, expediting, receiving, handling and storing of direct purchases must accurately reflect the requirements of the project schedule. Proper control and management of materials can increase productivity significantly [13] . On the other hand, the use of modern equipment impacts construction technologies and enhances the competitiveness of construction companies. Materials and equipment constitute a large portion of a project's total cost and must therefore be subject to strict control. Organizations that do not recognize the impact of various innovations in materials and equipment get forced out of the mainstream of construction activities [14] .
4D and 5D BIM models can be used to analyze the time and cost impacts of the selected materials [9] . Also, Mahalingam et al. [15] state that construction planners can use 4D simulations to select the appropriate construction equipment for the project and to check the safety conditions for the movements of equipment. Currently, 4D BIM models are used to optimize site layouts [16] , and improve site logistics and space work execution [17] .
Project Management
Project management encompasses all of the operational aspects of project delivery, including determining, formulating, developing, installing, coordinating and administering the necessary elements from the beginning of design to the termination of the warranty period. The CM has the responsibility to coordinate the efforts of the team in achieving a common goal.
There is a growing use of BIM models to minimize the potential for design and construction errors, to identify critical space and time during construction [18] , to determine the most suitable construction methods and sequence, and to monitor construction progress [19] . Russell et al. [20] discuss how visual representations and interaction technologies support a range of project management functions and enhance the understanding of project status. Song et al. [21] propose a 3D modelbased project management control system that enables the CM to display a holistic picture of a project by applying the multiple project data sets to the 3D building model components [20] . Zhang et al. [7] use an integrated building information system and digital images captured on-site to semi-automate the calculation of progress measurements and project status.
Quality Management
Quality management ensures that the project will satisfy the needs for which it was undertaken. It includes all activities that determine the quality policy, objectives and responsibilities and implements them by means such as quality planning, quality assurance, quality control, and quality improvement [22] . Since the fundamental element of BIM is a 3D virtual model, the owner and the design team have a first impression of the overall project from the 3D model.
In the traditional approach, it is difficult to reconcile the different designs such as architectural vs. MEP or structural vs. MEP unless the design team is very experienced. However, BIM models allow the design team and the CM to virtually review the conflicts and resolve them during coordination meetings [23] . Therefore, the quality of the project is substantially enhanced before actual construction begins. During the construction process, quality can be controlled with traditional methods such as benchmarking the process against quality standards, but the construction process can be captured and integrated to the BIM environment too. For example, Brilakis et al. [24] experimented with automated construction site image retrieval technologies; Kim et al. [25] explored how 3D models of existing construction sites can be rapidly generated using data from laser scanners; and Akinci et al. [26] investigated how as-built laser scan data can be used for ongoing site inspection. The captured construction processes can be used to ensure that the quality requirements of the contract are satisfied.
Resource Management
Resource management includes the selection, organization, direction and use of all project resources, both human and physical. The construction management delivery system places all consulting, design, management, contracting, and construction services in a team environment coordinated by the CM. BIM technology is used for visualization purposes by most construction professionals. But this technology has moved far beyond its original visualization stage. Some researchers have investigated the integration of construction resource management to BIM. For example, Babic et al. [27] used BIM to link information from the enterprise resource planning (ERP) information system with the building design data, thus tracking the status of the different components of the project; and Wang et al. [28] developed a BIM-based system that integrates dynamic resource management and the decision support system.
Risk Management
Risk management encompasses the dynamic risks that are directly tied to team decisions and static risks that are simply inherent to construction. Risk management has traditionally been applied in the area of safety, cost, time, and contract management in construction projects. It can also be used in bidding policies, feasibility studies, marketability studies, performance evaluations, and contingency management [29] .
The CM can use BIM to reduce safety risks and as a starting point for safety planning and communication. The utilization of BIM can result in improved occupational safety by connecting safety issues more closely to construction planning, providing more illustrative site layout and safety plans, managing and visualizing upt o d a t e p l a n s a n d s i t e s t a t u s i n f o r m a t i o n , a s w e l l a s b y s u p p o r t i n g s a f e t y communication in various situations [30] .
The CM can use BIM to reduce not only safety risks, but also the risks associated with cost and time management. For example, Zhang et al. [7] developed a building information system to address the impact of project management risks on time and cost during the construction of the superstructure of buildings.
Safety Management
Construction is one of the most hazardous industries in the world due to its unique nature including frequent work team rotations, exposure to weather conditions, and high proportions of unskilled and temporary workers [31] . Safety management includes the processes required to assure that the construction project is executed with appropriate care to prevent accidents that cause personal injury, death, or property damage. Accidents and their consequences are a major concern in the construction industry both in terms of human suffering and the direct and indirect costs to the industry.
Many researchers have addressed the lack of integration between construction and safety. Traditionally, safety is achieved through periodic meetings and training. Virtualization of the projects before the actual construction phase allows safety managers and CMs to simulate their safety precautions and identify potential safety problems. For example, Popov et al. [9] used 3D simulation to locate cranes such that their booms do not hit structures; Alshawi et al. [32] gave BIM's visualization technologies a central role in safety training; Vacharapoom and Sdhabbon [33] defined a rule-based hazard identification model using BIM to analyze and anticipate unsafe conditions; Sulavinki et al. [30] proposed BIM models to incorporate safety related activities into construction schedules; and Hu et al. [34] defined the analytical procedures based on 4D simulations to reveal potential safety threats.
Schedule Management
Construction planners typically use CPM-based networks and bar charts to describe the proposed schedule of a project. The CPM schedule does not provide any spatial information and any information about the complexities of the project components. Therefore to identify the spatial aspects of a project, planners must look at 2D drawings and conceptually associate the components with the related activities. Because CPM networks are an abstract representation of the project schedule, users need to interpret the activities to comprehend the sequence they convey [35] . The outcome could be arbitrary since different planners could have different perspectives of developing a project schedule. In addition, the current CPM methods do not allow planners to explicitly describe the constraints of a construction project, such as availability of resources, the site conditions, and the availability of capital, which are very important factors for making decisions [36] . Therefore, planners can only determine the impact factors of project scheduling in their mind, which is time consuming and frequently prone to error [37] . Besides, it is very difficult to integrate the time and cost information in the current CPM scheduling framework, one of the reasons being that schedules generated by the CPM method are activity-based, whereas in the construction process, the project is executed according to work items. The work items contain the cost and resource data of the project but are not well connected to the activities of the project schedule.
4D models integrate 3D geometry with time as the fourth dimension. Any building component in a 4D model contains geometric attributes that describe its 3D shape, as well as a time attribute that indicates the start and finish times of the construction of this element. A 4D model of a structure can therefore be used to graphically simulate the sequence of construction operations, thereby providing the operator with a virtual, visual understanding of the construction process [2] . 4D visualizations can be used by a wider variety of project participants at varying levels of skills and experience [15] .
Some researchers developed integrated systems to schedule projects with basic BIM applications. For example, Dawood et al. [38] proposed a virtual construction 
Value Management
Value management addresses a project's cost versus its value, and has three value components: designability, constructability, and contractibility. Designability relates value to overall project design. BIM models allow designers to design a building with respect to the required specifications. Having an effective knowledge about the material libraries makes the virtual model more acceptable. Constructability relates value to construction materials, details, means, methods, and techniques. BIM models allow the design team and the CM to virtually review the conflicts and resolve them during coordination meetings [23] . Current BIM software applications detect clashes and enhance constructability. Contractibility relates value to contracting options, contractual assignments, and contracting procedures. The CM is expected to extract maximum value for the owner with respect to designability, constructability and contractibility.
Conclusion
The future of the design and construction industry lies in the use of technology; and BIM is expected to shape this future effectively. The introduction to BIM into design and construction practice has brought along new duties and responsibilities for the CM. However, the existing CM body of knowledge is based on traditional methods despite the fact that BIM is becoming more popular. BIM is effective in every phase of a project's lifecycle as it covers several CM functions in the most critical phases. Hence, traditional CM duties and responsibilities are inadequate in handling the CMrelated functions of BIM-based projects. The consequences of CMs' lack of familiarity with BIM and BIM-related tools may manifest themselves in different ways. Not taking advantage of the benefits provided by 4D and 5D BIM models reduces management efficiency and is detrimental to the overall performance of the project. Therefore CMs' duties and responsibilities must be updated to take full advantage of BIM models.
To understand what BIM brings to the table, the existing CM body of knowledge was reviewed and assessed vis-a-vis the functions of BIM. It was found that modifications are appropriate in almost all of the twelve areas of the CM body of knowledge discussed in the preceding section. For example, CMs must become familiar with tools that help the CM estimate the cost, set up a work schedule, control the cost, improve safety, and manage resources when the architect/engineer uses BIM to design a project; must adjust the organization and management of the team members to take full advantage of the communication and information exchange opportunities provided by BIM; must keep an open mind for integrated project delivery systems that make extensive use of BIM models; must rethink the necessity of constructability reviews in the face of clash detection provided by BIM; and must recognize the changes in the risk distribution that BIM brings to a regular contract.
An important outcome of this research is related to the potential of BIM to be used alongside many construction management applications. But the literature review indicates that there are differences between traditional and BIM implementation. Therefore, these findings suggest that the current construction management body of knowledge should be updated to reflect the changes caused by BIM in the current construction management duties and responsibilities.
In anticipation of BIM's takeover of design and construction activities, it would be advantageous for all parties to have a common understanding of updated CM duties and responsibilities over all phases of the construction project. Future CMs must be trained to be effective in a BIM environment. If CM education and training keeps abreast of developments such as BIM, CMs can serve the industry better.
In future research, a curriculum can be developed, refined and improved by getting and analyzing feedback from trainees and employers. Also, the effects of BIM on infrastructure projects can be evaluated in future research. It would be interesting to see whether the duties and responsibilities of CMs in BIM-based infrastructure projects are any different than in building projects.
